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NOMENCLATURE 


b span of airfoil, cm (in ) 

c chord of airfoil, cm (in.) 

c n section normal force coefficient, 

Cp pressure coefficient (p - p^/q^ 

c* pressure coefficient at sonic velocity 

f frequency, Hz 

f reduced frequency, Infc divided by free-stream 

velocity 

™i\Y* n P) ^ 0W rates t ^ rou ^ 1 sidewall boundary-layer 
removal panels (see fig. 4) 

tunnel mass flow rate 

M Mach number 

p static pressure, N/m 2 (lb/ft 2 ) 

P t pitot pressure, N/m 2 (lb/ft 2 ) 

P'pPT total pressure , N/m 2 (lb/ft 2 ) 

q dynamic pressure, N/m 2 (lb/ft 2 ) 

Re Reynolds number 


Re c oo Reynolds number based on airfoil chord and 
free-stream conditions 

u,v local velocities in x,z directions 

x,z airfoil coordinates, see figure 1 , cm (in.) 

x s fa shock location 

X,Z test section coordinates, see figure 4, cm (in.) 

y distance from wall, cm (in.) 

A P (instantaneous pressure) - (mean static pressure) 

A( ) incremental quantity 

(( )) rms value 

a angle of attack, deg 

<5* sidewall boundary-layer displacement thickness 

6^ sidewall boundary-layer displacement thickness 

for j = /n (2 ) = 0 

Subscripts 

B conditions at buffet onset 

C lower surface 

N nominal or design value 

u tipper surface 

00 free-stream value 




f+r 



SUMMARY 


An experimental study has been conducted of the supercritical flows at high subsonic speeds over a 
NACA 0012 airfoil in order to acquire aerodynamic data suitable for evaluating numerical- flow codes . The 
measurements consisted primarily of static and dynamic pressures on the airfoil and test-channel walls. 
Shadowgraphs were also taken of the flow field near the airfoil. The tests were performed at free-stream Mach 
numbers from approximately 0 . 7 to 0,8 , at angles of attack sufficient to include the onset of buffet , and at 
Reynolds numbers (based on airfoil chord) from 1 million to 14 million . A unique test section was employed 
which was designed specifically to obtain two-dimensional airfoil data with a minimum of wall interference 
effects. Boundary-layer suction panels were used to minimize sidewall interference effects. Flexible upper 
and lower walls allowed test-channel area-ruling to nullify Mach number changes induced by the mass 
removal , to correct for longitudinal boundary-layer growth , and to provide contouring compatible with the 
streamlines of the model in free air. 


INTRODUCTION 


The rapid advances in computer technology have 
prompted similar advancements in computational methods to 
the extent that computers are now routinely used to comple- 
ment the wind tunnel in the development of new aerospace 
vehicles. However, the continued development of computa- 
tional methods requires experimental studies to suggest 
better turbulence models and to provide test cases for eval- 
uating new codes. In response to this need Ames Research 
Center has acquired the High Reynolds Number Facility, 
which is being used to perform basic fluid dynamic studies in 
support of numerical code developments. This facility con- 
sists of two major test channels, HRC-1 and HRC-2, which 
are described in detail in references 1 and 2. The present 
experimental study documents the high subsonic, locally 
supercritical, flows about a two-dimensional airfoil. 

Two-dimensional airfoil test data at moderate to large 
Reynolds numbers (where natural transition is far forward on 
the airfoil) which are sufficiently accurate to be useful in 
evaluating numerical codes are virtually nonexistent. The 
primary problem is wall interference. Usually, test results are 
assigned “coirected" Mach numbers and angles of attack. 
This procedure is undesirable if the data are to be used in 
critical assessments of numerical methods. To correct this 
situation the first test section for use with the facility HRC-2 
channel was designed to minimize wall-interference effects. 
Sidewall boundary-layer removal is used to minimize the 
sidewall interference effects. The shapes of the upper and 
lower walls are adjustable so that Mach numbe r changes asso- 
ciated with the sidewall mass removal and boundary-layer 
displacement effects can be nullified and to allow streamline 
contouring compatible with the airfoil in free air. The success 


of this approach was demonstrated in reference 2. The first 
airfoil chosen for testing in the facility was the NACA 0012, 
which has long been a standard for evaluating wind tunnel 
test techniques and computational methods and for making 
comparisons between data obtained in different wind tunnels 
throughout the world. 

The present tests were confined to high subsonic speeds at 
which the airfoil creates locally supersonic flows terminated 
by shock waves. The test program included both mean and 
dynamic pressure measurements so that the often overlooked 
unsteady flow aspects could be included. In particular, the 
onset of buffet at high subsonic speeds was carefully 
delineated. 


APPARATUS AND TECHNIQUES 


Model 

The symmetrical NACA 0012 piofile is shown in figure 1 
together with a tabulation of the streamwise locations where 
measurements of static and dynamic pressures were made. As 
noted in this figure, the model deviates from the theoretical 
shape near the trailing edge for practical reasons. A sketch of 
the model installed in the test section is shown in figure 2. 
The angle-of-attack rotation is about the airfoil midchord. 

The model was machined from stainless steel. The devia- 
tion between measured (near the midspan where the pressure 
orifices were located) and design coordinates was small, never 
exceeding A z/c - 0.0005 and usually less than 0.0002. These 
small deviations should not noticeably affect the results. The 
static pressure orifices were 0.03 cm in diameter and con- 
nected to individual differential pressure transducers located 
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in ins iled containers vented to the atmosphere. These con- 
tainers were located as near as possible to the test section, 
and the length of tubing from orifice to transducer was less 
than 0.6 m. The dynamic pressure transducers were buried in 
the model with the diaphragm about 0.13 cm from the sur- 
face, and the orifice diameter was about 0.18 cm. The refer- 
ence pressure sides for these transducers were connected to 
adjacent (same x/c) static pressure orifices by employing 
sufficient lengths of tubing to provide ad< quate damping so 
that the transducers responded only to deviations from the 
mean. 


Facility 

The facility and techniques for obtaining two-dimensional 
airfoil data with a minimum of wall interference effects is 
described in reference 2. A brief review is presented here. 

The facility is of the blowdown type, discharging into a 
large vacuum sphere for low total pressure runs {Pj below 
about 2 atm) and into the atmosphere for large total pressure 
uns (Pjr above about 2 atm). A schematic of the new facility 
is shown in figure 3, and details of the airfoil test section are 
presented in figure 4. The test Mach number is controlled by 
the adjustable throat at the downstream end of the test sec- 
tion. Sidewall vent panels (perforated plates) located just 
upstream of this throat maintain the “test cabin” pressure 
essentially at free-stream static pressure This alleviates the 
structural strength and rigidity requirements for the test- 
section walls and facilitates the use o r large viewing ports for 
making shadowgraphs and laser velocimeter measurements. 

Upper and lower wall interference effects on the airfoil 
flow field can be eliminated, at least in principle, by contour- 
ing the walls to follow the streamlines in free air at a specific 
tes f condition. For the present tests an airfoil code was used 
to compute the streamline shapes for walls initially located 
1.5 airfoil chords above and below the model. No attempt 
was made to further adjust the wall contours based on 
experimental measurements, as is done in the “adaptive wall” 
approach. However, since solid walls are involved, the appro- 
priate boundary conditions can easily be incorporated in 
numerical methods when the test data are used to evaluate 
codes. 

Sidewall interference effects are reduced by thinning the 
sidewall boundary layer by suction at two sets of porous 
panels (one set near the entrance to the test section and the 
other as near as possible to the models, each set operating 
separately from the other. The suction is provided by the low 
pressure in the downstream diffuser; the mass-removal rate is 
controlled by throttling valves and monitored at venturi sec- 
tions (see lower right-hand portion of fig. 3). Mass removal 
alters the longitudinal Mach number distribution in the test 
channel, but this can be nullified by appropriate adjustments 
in the upper and lower wall contours (refs. 2 and 3). 
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The source of high-pressure dry air is the 930-m 3 Ames 
Underground Air Storage Facility, pressurized to 
2X10 7 N/m 2 (3,000 psi ) and maintained at ambient tempera- 
ture. With the present test section, the maximum mass flow 
rate available is about 360 Kg/sec (800 lb/scc), for which the 
unit Reynolds number at subsonic speeds is about 10 8 /m and 
airfoil test data can be acquired in the Reynolds number 
range, based on chord length of 20.3 cm (8 in.), from about 
1X1 0^ to 20X10 6 . The corresponding available test run times 
range from about 5 min to 1 min. High-frequency pressure 
transducers and hot wire anemometers were used to measure 
pressure and velocity fluctuations in the test section. Typical 
results are presented in table 1 . 

A single-pass shadowgraph system was installed as shown 
in figure 5. Because of the limited space available inside the 
test cabin, the light source (steady illumination for motion 
pictures, spark illumination for still photography) was 
located <utside the cabin, the light entering through a small 
window. The light beam is collimated by a spherical mirror, 
folded once, and then directed into the test section. For 
spark-illuminated shadowgraphs a motor-driven film maga- 
zine from an aerial-type camera (20-cm by 23-cm photo- 
graphs) was mounted near the test section window as shown 
in figure 5. For motion pictures the light beam exits by tra- 
versing a similar path on the far side of the test section with 
the camera located outside the test cabin. 


Tests and Procedures 

The flow phenomenon chosen for study here is the super- 
critical flow about the airfoil at high subsonic speeds. An 
important and necessary part of the investigation was the 
determination of the onset of unsteady flow (buffet) as 
affected by test Mach number, Reynolds number, and model 
angle of attack. For each test condition the experimental 
technique used required that the upper and lower walls be 
adjusted mechanically at the seven jacking stations shown in 
figure 4. Since the wall contours could not be changed while 
the tunnel was running, the test program evolved around a 
series of nominal test conditions, referred to as “data sets,” 
as shown in figuie 6. The data sets are numbered in the 
chronological order that the test program progressed. 

Measurements were made at Reynolds numbers (based on 
chord) ranging from 1 to at least 10 million. No attempt was 
made to fix transition on the model. However, a few oil-film 
runs were made which provide qualitative information 
regarding transition Reynolds number. A thin oil film was 
applied to the model surface, and post-run inspection indi- 
cated turbulent transition wedges (easily recognized by their 
10° spreading angle) occurred in the vicinity of small rough- 
ness elements or surface irregularities near the model leading 
edge for a certain range ot Reynolds number. Based on these 
observations the transition Reynolds number for the present 
tests was estimated to -rcur between Reynolds numbers of 





1 and 2 million. Since the condition of the model surface is 
critical in maintaining laminar flow, changes with time, and is 
difficult to monitor, particularly in the absence of boundary- 
layer surveys, the emphasis in this study will be on the data 
acquired at high Reynolds numbers. Specifically, the test 
data at Re coo = 10 million will be considered to be the most 
appropriate for use in evaluating codes. 

A detailed description and calibration of the test section is 
given in reference 2. The recommended mass removal rates 
for the sidewall suction panels (see fig. 4) are 3% of the 
tunnel mass-flow rate at the first station ^ = 0.03 fnr) 
and 0.8% at the second Station (w^) = 0.008 mf). The 
effectiveness of the mass removal in reducing the sidewall dis- 
placement thickness of the boundary layer is illustrated in 
figures 7 and 8. 

The upper and lower wall contours used for the six data 
sets required inputs from three sources: First, a mean shape 
correction was required to offset the test section boundary 
layer growth in the model testing region. For Mach number 
and Reynolds number ranges of the present tr s, ramp 
angles of 0.38° were to be applied as shown in figure 9. 
Second, wall changes were necessary to offset the effects of 
sidewall mass removal. These changes (see figs. 9 and 10) 
vary with the test Mach number, but were not sensitive to 
Reynolds number, at least within the accuracy of the calibra- 
tions tests e f reference 2, provided that the mass removal 
rates are large, as in the present case. Third, the walls were 
contoured to conform to the streamlines of the model in free 
air, at a height of approximately 1 .5 chords, as computed by 
Deiwert’s method (refs. 4 and 5) for a Reynolds numbei of 
10 million (see fig. 1 1 and tabulated values in table 2). 

The free-stream test Mach number (corresponuing to 
x/c = - 00 ) was determined as follows: The local Mach number 
near the side wall of the test channel directly ahead of the 
wing and at station X/c - -3 (fig. 4) was evaluated from mea- 
surements of total and static pressures. A Mach number more 
representative of that near the center of the test channel v/as 
then obtained by correcting for a slight variation in local 
Mach number across the channel (a residual effect from the 
uneven flow in the bellmouth entrance to the test section). 
This correction was AM = -0.003. Finally, the influence of 
the test model on the measurements at tunnel station 
X/c = -3 was estimated by Deiwert’s numerical method and 
the appropriate corrections (see table 3) were applied. 

The measurement of airfoil static pressure employed 
transducers located outside the test section, but close to the 
airfdl (see discussion in “Model” section), and the response 
time (to reach 99.9% of the true value) was about 1 sec. Two 
transducers of exceptional accuracy were used to measure 
the test channel static and total pressures at station X/c = -3 
(fig. 4) and were also used to calibrate the remaining trans- 
ducers immediately before each test run. Error analyses indi- 
cated that the airfoil pressure measurements were accurate to 
±0.002 Pj and the free-stream Mach number was accurate 
to ±0.002. 


The onset of buffet was determined by recording on tape 
the signal output from the dynamic pressure transducers 
(fig. 1) as the model angle of attack (“a sweep”) or Mach 
number (“Mach sweep”) was changed. Post-run displays of 
the signals using various combinations of tape- and chart- 
recording speeds were made to view the signal envelopes and 
wave forms (see example presented in fig. 12). lne onset of 
buffet is easily discernable by *his technique since the enve- 
lope of the dynamic pressure measurements when the flow 
becomes unsteady (as verified by high-speed shadowgraph 
movies) grows in essentially linear fashion with angle of 
attack. “Buffetting” (structural response) was not involved in 
the present tests. 

RESULTS AND DISCUSSION 


The experimental results of this investigation consist of 
surface pressure measurements, surveys to define the onset of 
buffet, and flow-field shadowgraphs. Separate presentations 
will be made beginning with the surface pressure measure- 
ments, which were all conducted in the steady flow domain. 

Surface Pressure Measurements 

Surface static-pressure measurements on the model and at 
the test-channel sidewall for the six data sets (fig. 6) are pre- 
sented in figures 13-18 It is important to note that for the 
airfoil data presentations the origin of x is at the airfoil lead- 
ing edge whereas for the sidewall measurements the origin for 
X is at the airfoil midchord (center of rotation) (see figs. 1 
and 4). The nominal Mach number, angle of attack, and 
Reynolds number (Mj\j t ayy, Rc c oo j\j) in figures 13-18 refer 
to the values used in defining the test channel upper and 
lower wall contours (see earlier discussion in Tests and Pro- 
cedures section). The effect of Reynolds number on airfoil 
pressure distributions is large at low values of Reynolds num- 
ber but quite small above about 6 or 8 million. Since the 
streamline shapes used as a basis for wall contouring were 
estimated for a Reynolds number of 10 million, and since the 
accuracy of the test program increases with increasing total 
pressure, it is recommended that the Reynolds number test 
data for 10 million be used in evaluating numerical codes. 
The data at low Reynolds numbers have been included as a 
matter of interest and to show primarily where Reynolds 
number effects are large and where effects are small. 

A few test runs were made at conditions “off-design” with 
regard to the upper and lower wall contouring to obtain a 
feeling for the sensitivity of the present airfoil pressure mea- 
surements to wall contouring. The effects of being off-design 
in the angle of attack or in the Mach number are shown in 
figures 19(a) and (b), respectively. For the test lesults pre- 
sented in figure 19(a) the wall contouring used was based on 


3 





the streamlines shown in figure 1 1(a). The open data symbols 
in figure 19(a) represent “on -design” test data in that the test 
values of Mach number, angle of attack, and Reynolds num- 
ber agree with the nominal values (design values) used to 
obtain the streamlines employed in the wall contouring (the 
data set 1 streamlines of fig. 11(a)). The closed symbols in 
figure 19(a) represent off-design test data since the test angle 
of attack (a = 2°) differed from the nominal value (atjy = 0°) 
used in obtaining the streamlines (data set 2 of fig. 1 1(a)) for 
the wall contouring. The test data reflect the appreciable 
differences in wall contouring. For figure 19(b) the stream- 
line input to the wall contouring were those shown in 
figure 11(c) and the a = 2° streamlines of figure 11(a). The 
open symbols in figure 19(b) represent on -design test data 
(the test Mach number, angle of attack, and Reynolds num- 
ber agree with the design values) while the closed symbols 
represent off-design test data since the test Mach number 
(A/oo = 0.775) differed from the design value (Mjy = 0.750). 
In this case the differences in contouring were small and the 
experimental pressure measurements reflect this. The test 
results presented in figure 19 could be used as test cases in 
numerical studies of wall interference effects. It should be 
kept in mind that solid test channel walls can easily be 
included in numerical methods and that it is not necessary 
for the test data to represent free-air conditions in order to 
be useful in evaluating numerical methods. However, the 
availability of “free -air” (or nearly so) data is to be preferred 
to avoid dealing with the uncertainties of wall-interference 
effects. 

The sidewall boundary -layer effect on the airfoil pressure 
measurements was evaluated by comparing test results with 
and without the use of the sidewall mass removal systems. 
The normal force coefficient 

C, 1 = I 0 ( WV d(x/c) 

is easily integrated with good accuracy and when it is normal- 
ized with respect to the angle of attack it may be used as 
shown in figure 20 to demonstrate the loss in lift due to the 
presence of the sidewall boundary layers. The displacement 
thickness values, 6*, were tlu average of the values (deduced 
from pitot rake surveys) measured just ahead of, and behind, 
the airfoil (see fig. 4). The basic data presented in this report 
(figs. 13-18) were obtained with rh {l) = 0.03 mj and 
W( 2 ) = 0.008 mf, and the normal force coefficient is about 
3% low, assuming that extrapolation to 6* = 0 is permissible. 
When no sidewall mass removal is made (m^ = = 0), 

the normal force is in error about 15%. 

The normal-force coefficients, per degree of angle of 
attack, taken from data sets 1, 4, 5, and 6 for 
Re c oo ^ 10X10 6 , arc presented in figure 21 and are com- 
pared with corrected data from reference 6. Also included in 
this figure is a theoretical incompressible flow prediction 
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with Karman-Tsien scaling (applicable only foi subcritical 
flows) taken from reference 7. The corrected data from refer- 
ence 6 provides a reasonable estimate for free-air values of 
Cni a - The present tests give slightly lower values, but by 
about the amount of a small sidewall interference effect 
discussed above. 


Buffet 

The present technique for determining the onset of 
unsteady flow was illustrated in figure 12. The envelope of 
the dynamic pressure measurements grows in essentially 
linear fashion with angle of attack in the unsteady flow 
regime so that the angle of attack where buffet started is 
easily discernible. 

The buffet onset surveys were made at all of the test 
setups (data sets) shown in figure 6 except for setup no. 2. 
The nominal or “design” angles of attack for data sets 4, 5, 
and 6 are very close to the buffet region, and the buffet 
onset data should not be subject to appreciable off-design 
effects. Typical post-run data displays are presented in fig- 
ures 22-24 for data set 5 (Mj\j = 0.775, ayy = 2°). Envelopes 
of the pressure deviations from the mean and the model 
angle of attack are presented in figure 22(f) for upper surface 
measurements at x/c = 0.5 and 0.8. Wave forms at a = 4°, 
which is well into the unsteady domain, are presented in 
figure 23 and a comparison of upper and lower surface wave 
forms is presented in Figure 24. All of the buffet onset mea- 
surements made at Reynolds numbers from 1 to 10 million 
are summarized in figure 25. These measurements were 
obtained from “a sweeps” except for the two points at 
a = 0° included in figures 25(e) and 25(f), which were 
obtained by “Mach number sweeps ” Although the angle of 
attack remained fixed (exactly at 0°) during the Mach num- 
ber sweeps, the test Mach number did vary slightly during the 
a sweeps because of the change in stream momentum which 
affects the behavior of the speed control (see fig. 4). In 
figure 25 the open symbols refer to data obtained with the 
midchord ( x/c = 0.5) sensor and the closed symbols refer to 
the sensor near the trailing edge (x/c = 0.8). During pitchup 
a sweeps at low Reynolds numbers, the mid chord sensor sig- 
nals buffet onset before the aft sensor responds, indicating 
that the origin of the unsteady phenomenon is nearer to the 
midchord than to the trailing edge. However, at high 
Reynolds numbers (greater than about 6 million) both sen- 
sors respond in similar fashion. High-speed shadowgraph 
motion pictures show that an intermittent shock-induced 
separation of the boundary layer occurs near the midchord at 
angles of attack coincident with the buffet onset measure- 
ments. Thus it would be appropriate to label the buffet 
phenomena observed here as “shock-induced.” In figure 25 
the unflagged symbols refer to model pitchup, the flagged 
symbols to pitchdown. A hysteresis effect is not discernible 
from these tests. 




The pressure wave forms in the buffet region were invari- 
ably erratic at low Reynolds numbers (less than about 6 mil- 
lion), but at large Reynolds numbers the cyclic nature and 
frequency were well defined. The reduced frequency param- 
eter ZTifcjU^ measured during buffet at a Reynolds number 
of 10 million are tabulated in table 4. 


Shadowgraphs 

Spark-illuminated shadowgraphs of the upper, aft flow 
fields at Reynolds numbers ranging from 1 to 10 million are 
presented in figures 26-30. The clarity of the photographs 
diminish markedly with increasing Reynolds number because 
of the increased turbulent activity, particularly at the edges 
of the sidewall boundary layers. Shadowgraphs illustrating 
the effect of angle of attack on the flow fields are presented 
in figures 31-33. The nomin?l (or “design”) test Mach num- 
ber and angle of attack (Af/y, a^y) for which the upper and 
lower walls were contoured are included in the figure titles 
together with the angle of attack for buffet onset (from 
fig. 25). 

Although the clarity with which these photographs dis- 
play the flow phenomenon diminishes with departure from 
the nominal angle of attack, a^y, some observations can rea- 
sonably be made. First of all, these photographs, as well as 
high-speed motion pictures, show that the onset of buffet 
coincides wiih the change from normal shock to an intermit- 
tent shock-induced separation of the boundary layer. When 
the airfoil is in the steady flow regime, but near buffet onset, 
an increase in either the free-stream Mach number or angle of 
attack will increase the local Mach number ahead of the 
normal shock until, ultimately, the boundary layer can no 
longer tolerate the shock-induced pressure recovery, and 
separation occurs. With separation an oblique shock wave 
forms and, in effect, the airfoil shape is altered (akin to the 
upward deflection of a trailing-edge flap), which tends to 
slow down the upper flow field. This causes the flow field to 
return to its original configuration - hence the intermittent 
phenomena. At moderate to large angles of attack, the inter- 
mittent, shock -induced separation phenomena may only 
occur on the leeward surface, as the windward flow field is 
too far removed from buffet onset to separate (in fact, in 
some cases the lowei flow field may be everywhere suberiti- 
cal), although the consequences of the upper flow field oscil- 
lations are felt globally. When buffet occurs at, or near, 
a = 0°, the unsteady phenomena are similar in the upper and 
lower flow fields, but 180° out of phase. 

The effect of angle of attack on the chordwise location of 
the base of the shock wave in the steady flow regime is 


shown in figure 34. The shock location was deduced from 
flow-field shadowgraphs and from pressure measurements. 
When the angle of attack is increased from zero, the shock 
first moves downsiream, then upstream, and eventually 
buffet begins. 

CONCLUDING REMARKS 


The tests described were performed to obtain data suita- 
ble for evaluating numerical flow -simulation codes. Emphasis 
was placed on measurements at high subsonic speeds near the 
buffet region. The onset of the buffet, as affected by free- 
stream Mach number, angle of attack, and Reynolds number, 
was included in the study, and this information also can be 
used as a test case for evaluating codes. Test data were 
obtained over a wide range of Reynolds numbers, but the 
measurements at Reynolds numbers of 10 million are consid- 
ered to be the most appropriate for evaluating codes. 

The tests were performed in a new test leg for the Ames 
High Reynolds Number Facility, and a unique test section 
was used which has provisions for minimizing wall interfer- 
ence effects. By using sidewall suction the boundary-layer 
displacement in the vicinity of the test model was reduced by 
about 75% and the reduction in airfoil normal force due tc 
sidewall boundary layers was determined to be less than 
about 3%. Interference by the upper and lower walls was 
minimized by contouring to conform with streamlines of the 
model in free air as estimated by an airfoil code that includes 
viscous effects. Since solid walls were used, the representa- 
tion boundary condition of tangential flow can easily be 
included in the numerical methods. Comparisons of solutions 
with and without wall boundaries would be helpful in deter- 
mining, qualitatively at least, if appreciable interference 
effects are present. It is not necessary, of course, to use free- 
air data to evaluate codes, but this is to be preferred to avoid 
dealing with the uncertainties of wall-interference effects. It 
should be understood that the wall shapes to be used as invis- 
cid boundaries in numerical simulations are the streamlines 
presented in figure 11 and are not the actual wall shapes 
used, which included inputs from the test-section calibration 
(internal area ruling to offset ^ngitudinal Mach number 
changes due to mass removal and boundary layer displace- 
ment growth) performed to obtain a uniform test medium. 

Ames Research Center 

National Aeronautics and Space Administration 
Moffett Field, California 94035, February 1985 
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TABLE 1 TEST-SECTION 
PRESSURE AND VELOCITY 
LEVELS, 0 ^ = 0.8 


Pj , N/m 2 


W- 

1.4X1 0 s 
2.8X10 5 

i 

0.02 

0.02 

0.0046 

0.0050 


Measurements by F. K. 
Owen of Complere, Inc.; 
NASA Contract NAS2-10859. 
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TABLE 3 - CORRECTIONS TO MEASURED MACH 
NUMBER AT TUNNEL STATION X/c = -3 
(see fig. 4) DUE TO PRESENCE OF MODEL 


A/» 




a, deg 
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.0061 


TABLE 4.- SHOCK-OSCILLATION 
FREQUENCY PARAMETER 
/= 2 nJc/U" IN BUFFET REGION, 

^ C oo=l0 7 


% 

> deg 

Moo 
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4 

0.72 

6 

0.55 

.750 

2 

.75 
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Figure 1 NACA 0012 profile and location of pressure orifices. 
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Figure 2. Sketch of model installed in tunnel. 
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Figure 3.- Schematic of HRC-2 and airfoil test section. 
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Figure 4.- Test section schematic. 
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Figure 5.- Schematic of shadowgraph system (cross-sectional view from above). 
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BUFFET ONSET, Re c «, = 10 7 
(FROM FIG 261 ) 
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Figure 7.- Typical sidewall boundary-layer pitot surveys, = 0.775, Re c x = 10 7 . 
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Figure 8.- Typical longitudinal variations in sidewall boundary -layer displacement thickness, Re c oo - 10 7 
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Figure 9.- Upper and lower wall contouring to offset channel boundary-layer growth and sidewall mass removal. 
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FLEXIBLE WALL JACKING STATIONS 



FLEXIBLE-WALL JACKING STATIONS 



Figure 11.- Streamlines of the airfoil in free air. 
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(c) M x = 0 .775 ; Re = 1 0 7 ; a = 2° (Data Set 5). 
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Figure 1 1.- Concluded. 
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(a) Re c „= 4 X 10 6 
— ► CHANGE IN TIME SCALE 





(b) Re c „ - 10 X 10 6 

Figure 12 - Typical post run displays of dynamic pressure measurements showing onset of buffet (sensor at midchord). 
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Figure 13 - Airfoil and test section sidewall pressure measurements, Data Set 1 (Afyy = 0.75, a N * 2 8 ). 
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Figure 13.- Continued. 
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(e) M m ■ 0.75 1 , a ■ 1 .99* , R» fjm • 7.9X 10* . 
Figure 13.- Continued. 
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(g) M m » 0.749, a - 2.00', Re c m - 11.7X10*. 
Figure 13 - Continued. 
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(h) - 0.747. a = 2 .01 0 , Re cao *= 1 3 .9X 10‘. 

Figure 13.- Concluded. 
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Figure 14.- Airfoil and test-channel sidewall pressure measurements, Data Set 2 = 0.75, * 0°). 
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(b) M „ = 0.750, a = -0.02° , Re CV) - 6.0X 10* . 
Figure 14.- Continued. 
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Figure 14.— Continued. 
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Figure 14.- Continued. 
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(e) = 0.753, a * -0.02°, Re c „ = 12.2X 10 # . 

Figure 14.- Concluded. 
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(a) Mgo ■ 0.787, a * -0.10°, Re c » « 1 .OX 1 0* . 

Figure 15 - Airfoil and test channel sidewall pressure measurements, Data Set 3 (My = 0.80, 0^ = 0°). 
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(b) JWoo » 0.801 , a « -0.10 \Re c oo * 2.0X10 6 . 
Figure 15.- Continued. 
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(c) Afoo * 0.801 , a = -0.10° , Re c >o0 = 4.0X 10* . 
Figure IS.- Continued. 
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(d) * 0.803, a * -0.10°, => 6.5X 10*. 

Figure IS.- Continued. 
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Figure 16.- Airfoil and teat channel sidewall pressure measurements, Data Set 4 (My ■ 0.80, a# ■ 1 *). 
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- 0.960 

0.362 

1.297 


0.550 

- 0 . 96 ! 

0.368 

1.285 


0.600 

- 0.788 

0.419 

1.187 


0.650 

- 0.321 

0.557 

0.953 

A 

0.700 

- 0.134 

0.613 

0.866 


0.750 

- 0.053 

0 . c 3 / 

0.830 

\ 

0.800 

- 0 . A 06 

0.651 

0.808 

j 

0.850 

0.002 

0.653 

0.804 


0.900 

0.078 

0.676 

0.770 

1 ! 

0.930 

0.104 

0.683 

0.758 

t 

t 

0.950 

0.134 

0.692 

0.744 

0.980 

0.168 

0.702 

0.729 


1.000 

0.214 

0.716 

0.708 

* 


d - AIRFOIL LOWER SURFACE 


X/C 

C p 

P/PT 

M 

0.025 

0.044 

0.666 

0.784 

0.050 

-0.205 

0.592 

0.899 

0.100 

-0.457 

0.517 

1.016 

0.200 

-0.683 

0.451 

1.130 

0.300 

-0.780 

0.422 

1.183 

0.400 

-0.830 

0.408 

1.209 

0.500 

-0.778 

0.422 

1.182 

0.600 

-0.192 

0.596 

0.892 

0.700 

-0.135 

0.612 

0.867 

0.800 

-0.060 

0.636 

0.832 

0.850 

-0.007 

0.651 

o.eos 

0.900 

0.050 

0.668 

0.782 

0.930 

0.086 

0.678 

0.766 

0.950 

0.120 

0.689 

0.750 

0.980 

0.162 

0.700 

0.732 


SIDEWALL, 

Z “ G 


X/C 

Cp 

t/pt 

M 

3.75 

0.049 

0.667 

0.782 

3.00 

-0.002 

0.652 

0.006 

1.25 

0.045 

0.666 

0.784 

1 .25 

0.009 

0.656 

0.800 

3.75 

-0.C09 

0.850 

0.809 


SIDEWALL, 

Z/C= 1.375 

X/C 

Cp 

P/PT 

M 

-3.75 

0.048 

0.667 

0.783 

-2.50 

0.002 

0.654 

0.803 

-2.00 

0.010 

0.656 

0.800 

-1.50 

0.010 

0.656 

0.799 

-1.00 

-0.030 

0.644 

0.818 

-0.50 

-0.106 

0.622 

0.852 

0.00 

-0.105 

0.622 

0.852 

0.50 

-0.107 

0.622 

0.853 

1.00 

-0.061 

0.635 

0.832 

1.50 

-0.038 

0.642 

0.821 

2.00 

-0.025 

0.646 

0.816 

2.50 

-0.028 

0.645 

0.817 

3.75 

-0.005 

0.652 

0.806 

SIDEWALL, 

Z/C = - 1.375 

X/C 

C p 

P/PT 

M 

-3.75 

0.034 

0.663 

0.78S 

-1.00 

-0.034 

0.643 

0.820 

-0.50 

-0.042 

0.641 

0.823 

0.00 

-0.108 

0.621 

0.853 

0.50 

-0.031 

0.644 

0.818 

1.00 

-0.044 

0.640 

0.824 

1.50 

-0.027 

0.545 

0.816 

2.00 

-0.023 

0.647 

0.815 

2.50 

-0.014 

0.649 

0.810 

3.75 

-0.004 

0.652 

0.806 


(b) M „ « 0.805 . a •- 0.97° , Re c » = 2.0X 10‘. 
Figure 16.- Continued. 
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X/C 


° - AIRFOIL UPPER SURFACE 


X/C 

c P 

P/PT 

M 

0.000 

1.156 

0.995 

0.068 

0.025 

-0.186 

0.595 

0.894 

0.050 

-0.427 

0.524 

1.008 

G.075 

-0.592 

0.474 

1.089 

0.100 

-0.650 

0.457 

1.119 

0.150 

-0.749 

0.428 

1.172 

0.200 

-0.849 

0.398 

1.227 

0.250 

-0.891 

0.385 

1.251 

0.300 

-0.942 

0.370 

1.281 

0.350 

-0.983 

0.358 

1.306 

0.400 

-0.993 

0.353 

1.336 

0.450 

-1.024 

0.346 

1.331 

0.500 

-1.045 

0.339 

1.345 

0.550 

-0.549 

0.487 

1.068 

0.600 

-0.422 

0.525 

1.005 

0.650 

-0.372 

0.540 

0.981 

0.700 

-0.297 

0.562 

0.946 

0.750 

-0.207 

0.589 

0.903 

0.800 

-0.110 

0.618 

0.859 

0.850 

0.010 

0.654 

0.804 

0.900 

0.052 

0.666 

0.785 

0.930 

0.084 

0.675 

0.770 

0.950 

0.134 

0.684 

0.756 

0.980 

0.144 

0.693 

0.743 

1.000 

0.164 

0.699 

0.734 


a - AIRFOIL LOWER SURFACE 


X/C 

Cp 

P/PT 

M 

0.025 

0.05G 

0.666 

0.785 

0.050 

-0.195 

0.592 

0.898 

0.10G 

-0.433 

0.522 

1.011 

0.200 

-0.662 

0.454 

1.125 

0.300 

-0.7C7 

0.422 

1.182 

0.400 

-0.812 

0.409 

1.206 

0.500 

-0.564 

0.483 

1.076 

0.600 

-0.226 

0.584 

0.912 

0.70C 

-0.152 

0.605 

0.378 

0.800 

-0.071 

0.630 

0.840 

0.850 

-0.023 

0.644 

0.819 

0.900 

0.029 

0 660 

0.794 

0.930 

0.059 

0.668 

0.781 

0.950 

0.084 

0.676 

0.769 

0.980 

0.124 

0.688 

0.751 


SIDEWALL, 

1! 

O 


X/C 

Cp 

P/PT 

M 

3.75 

0.052 

0.666 

0.784 

3.00 

0.010 

0.654 

0.804 

1.25 

0.049 

0.666 

0.785 

1.25 

0.018 

0.656 

0.800 

3.75 

0.001 

0.651 

0.807 


SIDEWALL, 

Z/C= 1.375 

X/C 

C p 

P/PT 

M 

-3.75 

0.036 

0.662 

0.791 

-2.50 

-0.001 

0.651 

0.808 

-2.00 

0.007 

0.653 

0.805 

-1.50 

0.014 

0.655 

0.801 

-1.00 

-0.029 

0.643 

0.821 

-0.50 

-0.105 

0.620 

0.856 

0.00 

-0.092 

0.624 

0.850 

0.50 

-0.102 

0.623 

0.854 

1.00 

-0.047 

0.637 

0.829 

1.50 

-0.031 

0.642 

0.822 

2.00 

-0.016 

0.646 

0.815 

2.50 

-0.019 

0.645 

0.816 

3.75 

0.000 

0.653 

0.805 

SIDEWALL, 

Z/C = -1.375 

X/C 

C p 

P/PT 

M 

-3.75 

0.033 

0.661 

0.793 

-1.00 

-0.028 

0.643 

0.820 

-0.50 

-0.030 

0.642 

0.821 

0.00 

-0.094 

0.623 

0.851 

0.50 

-0.019 

0.645 

0.816 

1.00 

-0.035 

0.641 

0.823 

1.50 

-0.018 

0.646 

0.816 

2.00 

-0.019 

0.645 

0.816 

2.50 

-0.008 

0.649 

0.811 

3.75 

0.009 

0.654 

0.804 


(c)^ = 0.808, a = 0.97 \Re coo = 4.1X10 6 . 
Figure 16.- Continued. 


40 




NRCR 0012 AIRFOIL 




> o o 



o 

c 

0 

: 

l 

□ o 



■ oa 



1 0 
l O 

0 0 t 

V q 

□ 





- 





i) 
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1 

1 



x/c 


O - niRrOIL UPPER SURFACE 


X/C 

C p 

P/PT 


M 

0.000 

1.160 

0.996 

0 

.073 

0,025 

-0.189 

0.598 

0 

.890 

0.050 

-0.421 

0.529 

0 

.99S 

0.075 

-0.593 

0.478 


.083 

0.100 

0.647 

0.462 

1 

.110 

0.150 

-0.762 

0.428 

i 

.171 

0.200 

-0.666 

0.398 

1 

.228 

0.25C 

-0.907 

0.385 

1 

.251 

0.300 

-0.950 

C.370 

1 

.282 

0.350 

-0.996 

u.359 

1 

X 

.304 

0.4C0 

-1.013 

0.354 

1 

.314 

0.450 

-1.039 

0.347 

i 

.330 

0.500 

-1.063 

0.339 

i 

.345 

0.550 

-0.590 

0.479 

i 

.081 

0.600 

-0.434 

0.525 

l , 

.005 

0.650 

0.369 

0.545 

0, 

.974 

0.700 

-0.277 

0.572 

o, 

.931 

0.750 

-0.173 

0.602 

0 , 

.883 

0.800 

-0.074 

0.632 

0 , 

.837 

0.850 

0.008 

0.656 

0 , 

.800 

0.90C 

0.069 

0.674 

0 , 

.77? 

0.930 

0.099 

0.683 

0 , 

,759 

0.950 

0.129 

0.692 

c, 

.745 

0.980 

0.160 

0.701 

0 , 

.731 

1.000 

0.191 

0.710 

0 , 

.717 


□ - 

AIRFOIL LOWER SURFACE 

X/C 

C p 

P/PT 

M 

0.025 

0.0*13 

0.666 

0.784 

0.050 

-0. 186 

0.599 

0.888 

0.100 

-0.446 

0.522 

1.011 

0.200 

-0.676 

0.454 

1.125 

0.300 

-0.784 

0.422 

1.183 

0.400 

-0.827 

0.409 

1.206 

0.500 

-0.591 

0.479 

1.082 

0.600 

-0.234 

0.584 

0.911 

0.700 

-0.162 

0.606 

0.878 

0.800 

-0.075 

0.631 

0.838 

0.850 

-0.025 

0.646 

0.815 

0.900 

0.033 

0.663 

0.789 

0.930 

0.063 

0.672 

0.775 

0.950 

0.095 

0.682 

0.761 

0.980 

0.138 

0.695 

0.741 


SIDEWALL, 

a 

II 

!>J 


X/C 

Cp 

P/PT 

M 

3.75 

0.044 

0.R67 

0.784 

3.00 

0.004 

0.655 

0.802 

1.25 

0.046 

0.667 

0.783 

1.25 

0.015 

0.658 

0.797 

3.75 

-0.002 

0.653 

0.805 



SIDEWALL, 

Z/C= 1.375 

X/C 

Cp 

P/PT 

M 

-3. 

75 

0.030 

0.662 

u.790 

-2. 

50 

-0.010 

0.650 

0.809 

-2. 

00 

-0.003 

0.653 

0.805 

-1. 

50 

0.010 

C.657 

0.79S 

-1. 

00 

-0.033 

0.644 

0.819 

-o. 

50 

-0.110 

0.621 

0.854 

0. 

00 

-0.089 

0.627 

0.844 

0. 

50 

-0.104 

0.623 

C.351 

1. 

00 

-0.052 

0.638 

0.828 

1. 

50 

-0.031 

0.644 

0.818 

2. 

00 

-0.020 

0.647 

0.813 

2. 

50 

-0.022 

0.647 

0.814 

3. 

75 

0.004 

0.655 

0.802 


SIDEWALL, 

Z/C — - 1 .375 


X/C 

Cp 

P/PT 

M 

-3. 

75 

0.026 

0.661 

0.792 

-1 . 

00 

-0.035 

0.643 

0.820 

-0. 

50 

-0.036 

0.643 

0.820 

0. 

00 

-0.103 

0.623 

0.651 

0. 

50 

-0.025 

0.646 

0.815 

1. 

00 

-0.044 

0.641 

0.824 

i . 

50 

-0.024 

0.646 

0.815 

2. 

00 

-0.024 

0.646 

0.813 

2. 

50 

-0.011 

0.650 

0.805 

3. 

75 

0.004 

0.655 

0.802 


(cDMoo = 0.804, a = 0.96°, /?e c<to = 6.1X10*. 
Figure 16.- Continued. 
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“1 

1 



x/c 


□ - AIRFOIL LOWER SURFACE 


X/C 

C p 

P/PT 

M 

0.025 

0.101 

0.684 

0.758 

O.OSO 

-0.169 

0.603 

0.882 

0.100 

-0.432 

0.525 

1.005 

0.200 

-0.657 

0.460 

1.115 

0.300 

-0.783 

0.421 

1.163 

0.400 

-0.819 

0.412 

1 .201 

0.500 

-0.869 

0.396 

1.231 

0.600 

-0.216 

0.590 

0.902 

0.700 

-0.140 

0.612 

0.868 

0.800 

-0.034 

0.644 

0.819 

0.850 

-0.007 

0.651 

0.808 

0.900 

0.072 

0.675 

0.771 

0.930 

0.077 

0.676 

0.770 

0.950 

0.132 

0.693 

0.744 

0.980 

0.152 

0.698 

0.736 


SIDEWALL, 

Z = 0 


X/C 

C p 

P/PT 

M 

-3.75 

0.087 

0.679 

0.764 

-3.00 

0.025 

0.661 

0.793 

-1.25 

0.087 

0.679 

0.764 

1.25 

0.054 

0.670 

0.779 

3.75 

0.037 

0.664 

0.787 


o - RIRFOIL UPPER SURFACE 


X/C 

Cp 

P/PT 

M 

0.000 

1.198 

1.000 

0.000 

0.025 

-0.154 

0.607 

0.875 

0.050 

-0.403 

0.534 

0.991 

0.0/5 

-0.575 

0.483 

1.075 

0.100 

-0.631 

0.466 

1.103 

0.150 

-0.747 

0.432 

1.164 

0.200 

-0.849 

0.402 

1.220 

0.250 

-0.890 

0.390 

1.243 

0.300 

-0.949 

0.372 

1.277 

0.350 

-0.986 

0.361 

1.299 

0.400 

-1.004 

0.356 

1.310 

0.450 

-1.030 

0.348 

1.326 

0.500 

-1.056 

0.340 

1.343 

0.550 

-0.675 

0.453 

1.126 

0.600 

-0.437 

0.524 

1.008 

0.650 

-0.372 

0.543 

0.976 

0.700 

-0.282 

0.569 

0.934 

0.750 

-0.178 

0.600 

0.886 

0.800 

-0.074 

0.631 

0.838 

0.850 

0.025 

0.66! 

0.793 

0.900 

0.086 

0.679 

0.765 

0.930 

0.118 

0.688 

0.751 

0.950 

0.148 

0.697 

0.737 

0.980 

0.178 

0.706 

0.724 

1.000 

0.204 

0.713 

0.712 

SIDEWALL, 

Z/C“ 1.375 

X/C 

Cp 

p/PT 

M 

-3.75 

0.062 

0.678 

0.766 

-2.50 

0.042 

0.666 

0.784 

-2.00 

0.050 

0.669 

0.781 

-1.50 

0.060 

0.672 

0.776 

-1.00 

0.016 

0.659 

0.796 

-0.50 

-0.064 

0.635 

0.832 

0.00 

-0.043 

0.641 

0.823 

0.50 

-0.059 

0.637 

0.830 

1.00 

-0.004 

0.653 

0.805 

i .50 

0.020 

0.660 

0.794 

2.00 

0.028 

0.662 

0.790 

2.50 

0.025 

0.661 

0.792 

3.75 

U.053 

0.670 

0.779 

SI0EWRLL, 

Z/C--1.375 

X/C 

Cp 

P/PT 

M 

-3.75 

0.076 

0.6/6 

0.769 

-1.00 

0.017 

0.659 

0.795 

-0.50 

0.010 

0.657 

0.798 

0.00 

-0.067 

0.634 

0.833 

0.50 

0.028 

0.662 

0.790 

1.00 

0.006 

0.656 

0.800 

1.50 

0.027 

0.662 

0.791 

2.00 

0.022 

0.661 

0.793 

2.50 

0.041 

0.666 

0.784 

3.75 

0.058 

0.671 

0.777 
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(e) M„ = 0.805 , a = 1 .00° , Re c „ - 8.3X 1 0* . 
Figure 1 6.- Continued. 
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x/c 


o - | 

=!]RF'0IL LOWER SURFACE 

X/C 

n p 

P/PT 

M 

0.025 

0.068 

0.680 

0.763 

0.050 

-0.229 

0.594 

0.896 

0.100 

-0.493 

0.517 

1.018 

0.200 

-0.707 
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1.125 

0.300 
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0.400 
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0.500 
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0.600 
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0.700 
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0.596 
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Z = 0 
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X/C 

Cp 

P/PT 

M 

0.000 

1.154 

0.996 

0.074 

0.025 
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0.601 

0.884 

0.050 

-0.454 

0.528 

1.U00 

0.075 

-0.626 

0.478 
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0.100 

-0.681 

0.462 
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0.150 
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Figure 16.- Conduded. 
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Figure 1 7 .- Airfoil and test channel sidewall pressure measurements, Data Set 5 (M^ = 0. 775 ,a^ = 2°). 
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Figure 17 - Continued. 
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(c) M* = 0.777, o * 2.03°, Re C V) - 3.9X 10‘. 
Figure 17.- Continued. 




nn 


.AitfSrt 


NRCfl 0012 AIRFOIL 




,0 0 o < 

’ 0 

" 


D 

X 

O 

o c 
o 


0 



0 °p 
□ 

n 

] □ 

1 ° ; 

:o °", 

1 Q 

□ 




y8 §o ( 












i , 1 1 . — i 1 . 1 

3.0 0.2 0.4 0.6 0.8 1.0 


x/c 


□ - AIRFOIL LOWER SURFACE 


X/C 

C p 

P/PT 

M 

0.025 

0.201 

0.727 

0.690 

0.050 

•0.033 

0.660 

0.794 

0.100 

-0.293 

0.586 

0.909 

0.200 

-0.460 

0.539 

0.983 

0.300 

-0.474 

0.534 

0.991 

Q.4C0 

-0.384 

0.561 

0.948 

0.500 

-0.318 

0.579 

0.920 

0.600 

-0.235 

0.603 

0.882 

0.700 

-0.158 

0.624 

0.A49 

0.800 

-0.070 

0.650 

0.809 

0.850 

-0.020 

C.663 

0.789 

0.900 

0.035 

0.680 

0.764 

0.930 

0.0S6 

0.688 

0.751 

0.950 

0.099 

0.S98 

0.736 

0.980 

0.144 

0.710 

0.717 


SIDEWALL, 

z-o 


X/C 

C P 

P/PT 

h 

3.75 

C.049 

0.683 

0.758 

3.00 

0.009 

0.672 

0.776 

■1.25 

0.050 

0.684 

0.757 

1.25 

0.024 

0.676 

0.769 

3.75 

0.008 

0.672 

0.776 


o - AIRFOIL UPPER SURFACE 


X/C 

C p 

P/PT 

M 

0.000 

1.093 

0.980 

0.168 

0.025 

-0.429 

0.547 

0.970 

0.050 

-0.625 

0.491 

1.061 

0.075 

-0.794 

0.443 

1.145 

0.100 

-0.869 

0.422 

1.183 

0.150 

-0.963 

0.395 

1.233 

0.200 

-1.056 

0.368 

1.285 

0.250 

- i .082 

0.361 

1.300 

0.300 

-1.125 

0.349 

1.325 

0.350 

-1.152 

0.341 

1.341 

0.400 

-1.162 

0.338 

1.343 

0.450 

-1.103 

0.355 

1.312 

0.500 

-0.566 

0.502 

1.043 

0.550 

-0.496 

0.527 

1.002 

0.600 

-0.384 

0.560 

0.949 

0.350 

-0.276 

0.591 

0.901 

0.700 

-0.170 

0.621 

0.854 

0./50 

-0.089 

0.644 

0.819 

0.800 

-0.033 

0.660 

0.794 

0.850 

0.014 

0.673 

0.774 

0.900 

0.064 

0.638 

0.752 

0.930 

0.094 

0.696 

0.739 

0.950 

0.123 

0.704 

0.726 

0.980 

0.157 

0.714 

0.711 

1.000 

0.202 

0.727 

0.691 



SIDEWALL, 

Z/C = 1.375 

X/C 

C p 

P/PT 

M 

-3. 

75 

0.030 

0.678 

0.766 

-2. 

50 

-0.011 

0.666 

0.784 

-2. 

00 

-0 007 

0.668 

0.782 

-1 . 

50 

0.003 

U.671 

0.778 

-1 . 

00 

-0.042 

0.658 

0.797 

-o. 

50 

-0.112 

0.638 

0.828 

0 

00 

-0.095 

0.b43 

0.821 

0." 

50 

-0.095 

0.643 

0.821 

! . 

0G 

-0.054 

0.654 

0.802 

1 . 

50 

-0.035 

0.650 

0.794 

2. 

00 

-0.014 

0.666 

0.785 

2. 

50 

-0.011 

0.667 

0.784 

3. 

75 

O.Oil 

0.673 

0.774 


SIDEWALL, 

Z/C- -1.375 

X/C 

C p 

P/PT 

H 

-3. 

75 

0.031 

0.678 

0.766 

- 1 . 

00 

-0.015 

0.665 

0.786 

- 0 . 

50 

-0.002 

0.669 

0.780 

0 . 

00 

-0.023 

0.662 

0.790 

0. 

50 

-0.006 

0.668 

0.781 

1 . 

00 

-0.028 

O.C62 

0.791 

1 . 

50 

-0.007 

0.C68 

0.782 

2. 

00 

-0.009 

0.667 

0.783 

2. 

50 

0.003 

0.671 

0.777 

3. 

75 

C.019 

0.675 

0.771 


(d) * 0.778 , a - 2 .03° , Re c „ *= 6. JX 1 0* . 

Figure 17.- Continued. 
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Figure 18.- Continued. 


SI 


L 







° - AIRFOIL UPPER SURFACE 


x/c 

C 

'P 

F/PT 


M 

0 

.000 

0 

.879 

0.932 

0 

.315 

0 

.025 

-o 

.992 

0.443 

! 

.144 

0 

.05 n 

-1 

.112 

0.412 

1 

.201 

0 

.075 

~ i 

.247 

0.377 

1 

. 26£ 

0, 

.100 

-1 

.293 

0.365 

1 

tot 

• <_. Z/ ^ 

0, 

.150 

-1 

.367 

0.345 

1 

.332 

0, 

.200 

-1, 

.423 

0.351 

1 

.363 

0. 

.250 

-1, 

.450 

0.324 

i 

.376 

0. 

.300 

-1, 

.481 

0.31b 

1 

.397 

0. 

.350 

-o, 

.880 

0.473 

1 

.092 

0. 

.400 

-o, 

.781 

0.496 

1, 

.046 

0. 

,450 

-o, 

.705 

0.518 

1, 

.016 

0. 

.500 

-o, 

.591 

0.548 

0, 

.966 

0. 

,550 

-o, 

.453 

0.564 

0, 

.911 

0. 

,600 

-o, 

,304 

0.623 

0. 

.651 

0. 

,650 

-o. 

,216 

0.646 

0, 

816 

0. 

,700 

-o. 

,148 

0.664 

0. 

,766 

0. 

,750 

-o. 

,095 

0.S77 

0. 

,767 

0. 

800 

-o. 

,042 

0.691 

0. 


0. 

850 

0. 

018 

0.707 

0. 

'.722 

n. 

500 

0. 

050 

0.715 

0. 

,706 

0. 

930 

0. 

077 

0.722 

0. 

666 

0. 

950 

L. 

102 

0.729 

0. 

682 

0. 

980 

0. 

H3 

0.737 

0. 

675 

1. 

000 

0. 

16^ 

0.745 

0. 

663 


t 


t 


□ - AlR r OIL LOWER SURFACE 


X/C 

C p 

P/PT 

M 

0.025 

0.472 

0.826 

0.530 

0.050 

0.218 

C.759 

0.640 

0.100 

-0.036 

0.693 

C.743 

0.200 

-0.195 

0.651 

0.807 

0.300 

-0.248 

0.638 

0.828 

0.400 

-0.221 

0.544 

0.818 

0.500 

-0.197 

0.651 

0.808 

0.600 

-0.15! 

0.663 

0.790 

0.700 

-0.106 

0.675 

0.771 

0.800 

-0.045 

0.691 

0.747 

0.950 

-0.009 

0.700 

0.732 

P.900 

0.037 

0.712 

0.714 

0.930 

0.056 

0.717 

0.706 

0.950 

0.082 

0.724 

0.696 

0.980 

0.116 

0.733 

0.682 


SIDEWALL 

, Z“0 


X/C 

C p 

P/PT 

fi 

-3.75 

0.058 

0.717 

0.705 

-3.00 

0.013 

0.7% 

0.724 

-1.25 

0.062 

0.719 

0.704 

1 .25 

0.028 

0.710 

0.718 

3.75 

0.016 

0.706 

0.723 



SIDEWALL, 

z/c- i .375 

X/C 

Cp 

°/PT 

M 

-3.75 

0.038 

o.7r. 

0.7.4 

-2.50 

-0.008 

0.7CC 

0.732 

-2.00 

-C.OOL 

0.701 

j . 73 1 

-1.50 

-C.003 

0.701 

0.730 

-1.00 

-0.054 

0.688 

0.751 

-0.50 

-0.125 

0.669 

0.779 

0.00 

-0.049 

0.689 

0.749 

0.50 

-0.098 

0.t77 

0.760 

1.00 

-0.069 

0.684 

0.757 

1.50 

-0.040 

0.692 

0.7*15 

2.00 

-0.013 

0.699 

0.734 

2.50 

-0.009 

0.700 

C.733 

3.75 

0.016 

0.706 

0.723 

SIDEWALL, : 

z/c- -1.375 

X/C 

L p 

P/PT 

A 

-3.75 

0.047 

0.714 

0.710 

-1.00 

0.012 

0.705 

0.724 

-0.50 

0.02? 

0.708 

0.720 

0.00 

0.014 

0.706 

C.723 

0.50 

0.014 

0.706 

0.723 

1 .00 

-0.001 

0.702 

0.729 

1 .50 

0.011 

0.705 

0.725 

2.00 

0.002 

0.703 

0.728 

2.50 

0.017 

0.707 

0.722 

3.75 

0.041 

0.713 

0.7.3 


(c) M m - 0.729. a - 3.93*, Re,. _ - 3.9X 10*. 

*» 

Figure 13.- Continued. 
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Figure 18.— Continued. 
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Figure 18 .- Concluded. 
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(a) "Off design” in angle of attack. 


TESTS CONDUCTED AT M K = 0.775. a = 2 °. Re c oo = 10 7 

UPPER. LOWER WALLS. 

O STREAMLINED FOR IH„ = 0.775 
• STREAMLINED FOR M„ = 0.750 
("OFF DESiGN") 



(b) “Off design” in Mach number. 

Figure 19 - Effects of off design wall contouring on airfoil pressure coefficient. 




Figure 20.- Effect of sidewall boundary-layer displacement thickness on normal force coefficient. 
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Figure 2 1 .- Comparison of present test results with measurements and estimates from references 6 and 7. 
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Figure 24.- Comparison of upper and lower surface wave forms;a = 4°, = 0.775, fle ^ = 10 7 (Data Set 5) 
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Figure 25.- Angle of attack for buffet onaet 
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Figure 25.- Concluded. 
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Figure 33.-- Flow-field shadowgraphs showing effect of angle of attack; = 0.725 ,Re c «, = 6X 10 6 (Data Set 6, 

% = 0.725,0^ = 4°). <* fi *3.9°. 
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